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INTRODUCTION
This study is a continuation in a series of reports that document the market-weighted headlamp outputs for the top-selling vehicles in the U.S. and Europe (see Sivak, Flannagan, Kojima, & Traube, 1997; Sivak, Flannagan, & Schoettle, 2000; and Schoettle, Sivak, Flannagan, & Kosmatka, 2003) . The present study was designed to update the market-weighted database of current U.S. low-beam headlamps for model year 2004.
The main features of this study were as follows:
• The lamps to be photometered were directly purchased from vehicle dealerships, thus avoiding the potential problem of self-selection with donated lamps.
• The selected lamps were designed for use on 39% of all passenger vehicles currently being sold in the U.S.
• The obtained photometric data were weighted by the current sales figures for the respective vehicle models.
METHOD Approach
The approach consisted of the following steps:
(1)
Obtain luminous-intensity matrices for lamps designed to be used on the best-selling passenger vehicles.
(2) Use the current sales data for the respective vehicles to derive a sales-weighted distribution of luminous intensities at each test point.
(3) For each test point, calculate selected percentiles-25th, 50th (median), and 75th-of the sales-weighted distribution of luminous intensities.
Photometry
The measurements were made in a photometry lab using a goniometer. Visual aiming was used to align the lamps prior to the photometry. The aiming of all lamps was supervised by the same person-a lighting engineer with 38 years of headlighting experience. We performed the photometry as defined by the following ranges of horizontal and vertical angles (in relation to the headlamp axes): in the horizontal direction, the angles ranged from 60° left (L) to 60° right (R) in steps of 0.2°; in the vertical direction, the angles ranged from 10° down (D) to 10° up (U) in steps of 0.2°.
All lamps were seasoned per SAE Recommended Practice J387 (SAE, 1995) prior to performing the photometry. This process involves continuously energizing each lamp at 12.8 V for 1% of the installed bulb's rated life or 10 hours, whichever is less. All measurements were made at 12.8 V with standard production bulbs supplied with the lamps at the time of purchase.
The purpose of the study was to obtain estimates of real-world light output; the study was not designed to evaluate compliance with regulations. Consequently, we used a fixed voltage (as opposed to voltage based on a flux criterion), standard production bulbs (as opposed to accurate, rated bulbs), and no re-aiming (as opposed to re-aiming based on preliminary photometric results).
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DISCUSSION
The present analysis is not based on a complete census of current low-beam headlamps in the U.S., but on a sample constituting 39% of all lamps for passenger vehicles sold in the U.S.
However, we do not have reasons to believe that there are systematic differences between the lamps that were sampled and those that were not (with the exception of HID headlamps). We believe that the data presented in this report provide valid estimates of the luminous intensities that can be expected at various angles with respect to the headlamp axes of low-beam tungstenhalogen headlamps currently used in the U.S. Thus, the data could be used to calculate the expected illuminance reaching targets with known geometric relationships to the headlamps, such as traffic signs, road delineation, the eyes of oncoming drivers, or rearview mirrors on preceding vehicles. These data have also proven useful in calculating and/or simulating the general effects of adaptive curve-lighting strategies .
As we pointed out in our previous market-weighted low-beam descriptions (Sivak et al., 1997; Sivak et al., 2000; Schoettle et al., 2001; and Schoettle et al., 2003) , data such as these should not be used to calculate gradients of luminous intensities for adjacent points in space (e.g., for estimating the sharpness of the cutoff that is important for visual aiming of the beam pattern). This is because the transitions from the more intense to the less intense parts of the beam pattern are not precisely in the same locations for all lamps. Consequently, although the present analysis provides valid estimates of luminous intensities for individual points, a computation of gradients between points based on the present analysis would underestimate the actual gradients. This caveat applies not only to the present data, but also to any aggregate data for non-identical beam patterns.
As indicated above, this study was not designed to evaluate compliance with FMVSS regulations, and thus standard procedures for compliance testing were not followed.
Consequently, comparison of the present data with the regulations would be inappropriate.
